The study of genetical differentiation of bisexual and parthenogenetic strains of Artemia urmiana by RAPD s method by Eimanifar, Amin et al.
                                                
  
PCR-RAPD s
        
PCR-
RAPD s
                                                      
 
)(Artemia urmiana











Eimanifar & Mohebbi, 2007
Eimanifar et al., 2006 ) .(
 
Abatzopoulos et al., 2006
 .(Buth et al., 1991; Chen et al., 2004 )  












Sorgeloos et al., 1980
CagliariArtom
 Sorgeloos et al., 1980
Artom
Sorgeloos et al., 1980
BowenBarigozzi
KuenenArtemia salina




Sorgeloos et al., 1980
n=
Sorgeloos et al., 1980
DNA






A. franciscanaA. urmianaA. sinicaA. parthenogenetica
Artemia sinica
  
A. franciscanaRAPD s 
(Camargo et al., 2002)


















PA. tibetianaA. franciscanaDA. tibetiana



















. (Barman et al., 2003) 
RAPD
RAPD



















  Daihan, Scientific    
Vision- Vs- 15000 CFN II    
Heraeus     
BIO-RAD, A2    
Biometra     
Techne / FT GRAD2D  
   GenesysTM 5        




















                                                









Agh & Noori, 1997
Artemia franciscanaArtemia sinicaArtemia parthenogenetica (Russia)Artemia parthenogenetica, 
Turkmenistan
                                                
Loading buffer 
 Random Amplified Polymorphic DNA 



























































Nm = 0/5 (1/GST-1) 
McDermott and McDonald, 1993
AMOVAArlequin

























































































































5- TTCGAGCCAG-3  
5- CCGCATCTAC-3  
5- GAACGGACTC-3  
5- GTCCCGACGA-3  
5- GGCTGCAGAA-3  
5- TGCTGCAGGT-3  
5- GGAGTACTGG-3  
5- TCAGGGAGGT-3  
5- CTTCACCCGA-3  
5- GACTGCCTCT-3  
5- GTGACCGAGT-3  
5- TCGCATCCCT-3  
5- CTGATGCGTG-3  
5- ACACCGGAAC-3  
5- GACTAAGCCC-3  
5- TCCCCATCAC-3  
5- GGCGGTTGTC-3  
5- TTCGGGCCGT-3  
5- GAGGACGTCC-3  
5- GCACCGAGAG-3  
5- GCTGCGTGAC-3  
5- CTCAGCCCAG-3  
5- CCACTCACCG-3  
5- CCGGGCAAGC-3  
5- CAGGCGCACA-3  
5- GGGCGCCTAG-3  
5- CCGCTGGGAG-3  
5- AGGAAGGTGC-3  
5- GAGTAAGCGG-3    
  
I 
AU*** PAF** PAS* 





Na* Ne h I 
   Na*
     Ne 
      h   































5- ACCCGGTCAC -3 
5- TTCGAGCCAG -3 
5- CCGCATCTAC -3 
5- GAACGGACTC -3 
5- GTCCCGACGA -3 
5- GGCTGCAGAA -3 
5- TGCTGCAGGT -3 
5- GGAGTACTGG -3 
5- TCAGGGAGGT -3 
5- CTTCACCCGA -3 
5- GACTGCCTCT -3 
5- GTGACCGAGT -3 
5- CTGATGCGTG -3 
5- ACACCGGAAC -3 
5- GACTAAGCCC -3 
5- TCCCCATCAC -3 
5- GGGGGATGAG -3 
5- GGCGGTTGTC -3 
5- GAGGACGTCC -3 
5- GCACCGAGAG -3 
5- GCTGCGTGAC -3 
5- CTCAGCCCAG -3 
5- CCACTCACCG -3 
5- CCGGGCAAGC -3 
5- CAGGCGCACA -3 
5- GGGCGCCTAG -3 
5- CCGCTGGGAG -3 
5- AGGAAGGTGC -3 




Na* Ne h I 
Artemia parthenogenetica 
,(Turkmenistan) 




   Na*   =
  =    Ne






























5- TTCGAGCCAG -3 
5- CCGCATCTAC -3 
5- GAACGGACTC -3 
5- GTCCCGACGA -3 
5- GGCTGCAGAA -3 
5- TGCTGCAGGT -3 
5- GGAGTACTGG -3 
5- TCAGGGAGGT -3 
5- GACTGCCTCT -3 
5- GTGACCGAGT -3 
5- CTGATGCGTG -3 
5- ACACCGGAAC -3 
5- GACTAAGCCC -3 
5- TCCCCATCAC -3 
5- GGCGGTTGTC -3 
5- GAGGACGTCC -3 
5- GCACCGAGAG -3 
5- GCTGCGTGAC -3 
5- CTCAGCCCAG -3 
5- CCACTCACCG -3 
5- CCGGGCAAGC -3 
5- CAGGCGCACA -3 
5- GGGCGCCTAG -3 
5- CCGCTGGGAG -3 
5- AGGAAGGTGC -3 





Na* Ne h I 
  =   Na* 
    =    Ne
=     h




   
RAPDIIArtemia urmiana
Artemia sinicaArtemia parthenogenetica, RussiaArtemia 
















































Isabel et al., 1999
RAPDPCR
Williams et al., 1990
Ryman et al., 1995 ; Sole-Cava, 2001
Sole-Cava, 2001
Guttman & Berg, 1998








Artemia tibetianaArtemia urmianaArtemia franciscana
Abatzopoulos et al., 2002
Artemia parthenogenetica, chinaArtemia sinicaArtemia urmiana












2006Eimanifar et al.,Artemia 
urmiana
Asem Artemia urmiana

























Artemia urmianaArtemia sinicaA. urmiana
 
franciscanaA.DSun et al., 1999Abatzapoulos






Hou et al., 1997 Sun et al., 1999
A. urmianaA. sinicaRAPD
A. urmianaA. sinica
RAPDAbatzapoulos et al., 2002
RAPD
A. franciscanaA. persimilisRAPD
Camargo et al., 2002
RAPD
Badaracco et al., 1995





FSTEimanifar et al., 2006
A. franciscanaFSTA. salinaFSTFST
A. franciscana





Tremblay & Ackerman, 2001
INmIINmIIINm
IIIIII




& Beardmore, 1982DNAPerez et 
al., 1994
Sarich & Gronin, 1977 ; Vawter et al., 1980DtNei
Nei, 1975
Divergence time (Dt)= D/2 









 A. tibetianaA. urmianaDt= 2/38×106A. tibetianaA. sinicaDt= 570×103 






A. franciscanaA. urmianaA. sinica
 )(Gajardo and Beardmore, 1989
RAPD
A. urmiana(D= 0/22) 
D=
NeiA. urmiana
A. urmiana > > 
1384Atashbar et al., 2005RAPD
 
 PCR
Abatzopoulos, T.J., Agh, N., Van Stappen, G., Razavi Rouhani, S.M., Sorgeloos, P., 2006. Artemia sites in Iran. J. Mar. Biol. 
Ass. U. K., 86: 299-307. 
Abatzopoulos, T.J., Kappas, I., Bossier, P., Sorgeloos, P., Beardmore, J.A., 2002.  
Genetic characterization of Artemia tibetiana (Crustacea: Anostraca). Biological Journal of the Linnean Society 75 (3), 333
344. 
Abreu-Grobois, F.A., 1987. A review of the genetics of Artemia. In: Sorgeloos, P., Bengston, D.A., Decleir, W., Jasper, E. 
(Eds.), Artemia Research and its Applications. Morphology, Genetics, Strain Characterization, Toxicology, vol. 1. Universa 
Press, 
Wetteren, Belgium, pp. 61 69. 
Abreu-Grobois, F.A., Beardmore, J.A., 1982. Genetic differentiation and speciation in the brine shrimp Artemia. In: 
Barigozzi, C. (Ed.), Mechanisms of Speciation. Alan R. Liss, New York, pp. 336 345. 
Agh, N., Noori, F., 1997. 1st report of a parthenogenetic Artemia from Urmia and its morphological comparison with 
Artemia urmiana. First Conference of Zoology, Tarbiat Molallem University, 17-18 Sep. Tehran, Iran. 
Alireza, A., Rastegar-Pouyani, N., 2004. Biometrical comparison of the cyst and larva of Artemia urmiana in Urmia Lake 
and Fesendooz region in Miandoab (West Azerbijan, Iran); World Aquaculture Society, March 1-5, Hawaii Convention 
Center, Honolulu, Hawaii, USA. 
Alireza, A., Rastegar-Pouyani, N., Agh, N., 2005. Morphological differentiation of Artemia urmiana in four different 
geographical stations from the Urmia Lake, West Azerbaijan Province, Iran; Sixth international Crustacean Congress, July 
18th-22nd, Glasgow, England. 
Atashbar, B., Alireza, A., Agh, N., Manaffar, R., 2005. Morphological differentiation between two parthenogenetic of 
Artemia from Urmia Lake region; World Aquaculture Society, May 9-13, Bali International Convention Center, Nusa Dua, 
Bali- Indonesia. 
Ayala, F.J., 1976. Molecular evolution. Sunderland, MA: Sinauer Associates. 
Avis, J.C., 1994. Molecular Markers, Natural History and Evolution. New York: Chapman & Hall. 
Badaracco, G., Bellorini, M., Landsberger., 1995. Phylogenetic study of bisexual Artemia using random amplified 
polymorphic DNA. J. Mol. Evol., 41: 150-154. 
Barman, H.K., Barat, A., Yadav, B.M., Banerjee, S., Meher, P.K., Reddy, P.V. G. K., Jana, R.K., 2003. Genetic 
variation between four species of Indian major 
carps as revealed by random amplified polymorphic DNA assay. Aquaculture, 217: 115-123. 
Bickham, J.W., Sandhu, S., Hebert, P.D.N., Chickhi, L., Athwal, R., 2000. Effects of chemical contaminants on genetic 
diversity in natural populations: implications for biomonitoring and ecotoxicology. Mutation Research 463: 33 51. 
Buth, D.G., Dowling, T.E., Gold, J.R., 1991. Molecular and cytological investigations. In: Cyprinid fishes: Systematics, 
Biology and Exploitation (Eds. Winfield, I. & Nelson, J.). New York: Chapman & Hall. Pp: 83-126. 
Callejas, C., Ochando, M.D., 2002. Phylogenetic relationships among Spanish Barbus species (Pisces, Cyprinidae) shown 
by RAPD markers. Heredity 89: 36-43. 
Camargo, W.N., Bossier, P., Sorgeloos, P., Sun, Y., 2002. Preliminary genetic data on some Caribbean Artemia 
franciscana strains based on RAPDs. Hydrobiologia 468, 245 249. 
Cimmaruta, R., Scialanca, F., Luccioli, F., Nascetti, G., 2003. Genetic diversity and environmental stress in Italian 
populations of the cyprinodont fish Aphanius fasciatus. Oceanologica Acta 26: 101 110. 
Chen, W.J., Orti, G., Mayer, A., 2004. Novel evolutionary relationship among four fish model systems. Trends in Genetics 
20(9): 424-431. 
Das, P., Prasad, H., Meher, P.K., Barat, A., Jana, R.K., 2005. Evaluation of genetic relationship among six Labeo species 
using randomly amplified polymorphic DNA (RAPD). Aquaculture Research 36: 564-569. 
Eimanifar, A. , Mohebbi , F. , (2007) Urmia Lake (Northwest Iran): A brief 
review. Saline Systems 3: 5. 
 Eimanifar, A., Rezvani, S., Carapetian, J., 2006. Genetic differentiation of Artemia urmiana from various ecological 
populations of Urmia Lake assessed by PCR amplifed RFLP analysis. Journal of Experimental Marine Biology and Ecology 
333: 275-285. 
Excoffer, L., Smouse, P., Quattro, J.M., 1992. Analysis of molecular variance inferred from metric distances among DNA 
haplotypes: application to human mitochondrial DNA restriction data. Genetics 131: 479 491. 
Gajardo, G.M.,  Beardmore, J.A., 1989. Ability to switch reproductive mode in Artemia is related to maternal 
heterozygosity. Mar. Ecol. Progr. Ser. 55: 191. 
Gouin, N., Grandjean, F., Bouchon, D., Reynolds, J.D., Souty-Grosset, C., 2001. Population genetic structure of the 
endangered freshwater crayfish Austropotamobius pallipes, assessed using RAPD markers. Heredity 87: 80-87. 
Guttman, S.I., Berg, D., 1998. Changes in the genetic diversity of aquatic organisms in the great lakes: causes and 
consequences. Setac News : 23 24. 
Hartl, D.L., Clark, A.G., 1997. Principles of population genetic (3rd edn). Sinauer Associates, Inc, Sunderland, MA. 
Hildbrandt, F., Igarashi, P., 1999. Techniques in molecular medicine. Springer Lab Manual. 
Hou, L., Cai, H.J., Zou, X.Y., Yang, G., 1997. Expression of isozyme genes and taxonomic status of bisexual Artemia from 
china. Acta Zoology Sinica 43(2): 184-191 [in Chinese]. 
Isabel, N., Beaulieu, J., Theriault, P., Bousquet, J., 1999. Direct evidence for biased gene diversity estimates from 
dominant random amplified polymorphic DNA (RAPD) fingerprints. Molecular Ecology 8: 477 483. 
Macrae, T.H., Bagshaw, J.C., Warner, A.H., 1988. Biochemistry and cell biology of Artemia. CRC press, Boca Raton. 
McDermott, J.M., McDonald, B.A., 1993. Gene flow in plant pathosystems. Ann. Rev. Phytopathy. 31: 353-373. 
Nei, M., 1975. Molecular population genetics and evolution. Amsterdam, Netherlands: North Holland Publishers.  
Nei, M., 1973. Analysis of gene frequencies in subdivided populations. Proceedings of the National Academy of Sciences of 
the USA 70, 3321-3323. 
Nei, M., 1978. Estimation of average heterozygosity and genetic distance from a small number of individuals. Genetics 89, 
583-590. 
Perez, M.L., Valverde, J.R., Batuecas, B., Amat, F., Marco, R., Garesse, R., 1994. Speciation in the Artemia genus: 
mitochondrial DNA analysis of bisexual and parthenogenetic brine shrimps. Journal of Molecular Evolution 38: 156-168. 
Rezvani Gilkolaei, S., 1997. Molecular population genetic studies of sturgeon species in the south Caspian Sea. Ph.D thesis, 
School of Biological Science, University of wales, Swansea. Pp. 71-92. 
Rohlf, J., 1990. Numerical Taxonomy and Multivariate Analysis System. NTSYS-PC. Department of Ecology and 
Evolution, New York, USA, 723 pp. 
Ryman, N., Utter, F., Laikre, L., 1995. Protection of intraspecific biodiversity of exploited fishes. Reviews in Fish Biology 
and Fisheries 5: 417 446. 
Sarich, V.M., Cronin, V.E., 1977. Molecaular systematics of the primates. In: Goodman, M., Tashian, R. E. (eds). 
Molecular Anthropology. New York, NY: Plenum Press. 
Schneider, S., Roessli, D., Excoffier, L., 2000. ARLEQUIN, Version 2.0 A software for population genetic data analysis. 
Genetics and Biometry Laboratory, University of Geneva, Geneva, Switzerland. 
Slatkin, M., 1993. Isolation by distance in equilibrium and non-equilibrium populations. Evolution, 47: 264-279. 
Sole-Cava, A.J., 2001. Biodiversidade molecular e genetica da conservacao. In Matioli, S. R. (ed.), Biologia Molecular e 
Evolucao. (1st edn). Holos, Ribeirao Preto 171 190. 
Sorgeloos, P., 1980. The use of the brine shrimp Artemia in aquaculture. In: Persoon, G., Sorgeloos, P., Roela, O., and 
Jaspers, E. (Eds). The Brine Shrimp Artemia. Vol. 3. pp: 25-46. Ecology, culture, use in aquaculture. Universa Press, 
Wettern, Belgium. 456 p. 
Sorgeloos, P., 1997. Determination and identification of biological characteristics of Artemia urmiana for application in 
aquaculture. In: Sorgeloos, P. (Ed.), The Lake Urmiah Cooperation Project, Item A. Laboratory of Aquaculture and Artemia 
Reference Center, Belgium, pp. 1 50. 
Sun, Y., Zhong, Y., Song, W.Q., Zhang, R.S., Chen, Y., 1999b. Detection of genetic relationships among four Artemia 
species using randomly amplified polymorphic DNA (RAPD). International Journal of Salt Lake Research 8: 139 147. 
Thomas, K.M., Pilla, E.J.S., Beardmore, J.A., 1995. Genetic variation and differentiation in Asian brine shrimp Artemia. 
Aquaculture 137: 45-56. 
Tremblay, R.L., Ackerman, J.D., 2001. Gene flow and effective population size in Leopanthes (Orchidaceae): a case for 
genetic drift. Biological Journal of the Linnean Society 72: 47-62. 
Vawter, A.T., Rosenblatt, R., Gorman, G.C., 1980. Genetic divergence among fishes of the eastern Pacific and the 
Caribbean  support of the molecular clock. Evolution 34: 705-711. 
Williams, J.G.K., Kubelik, A.R., Livak, K.L., Tingey, S.V., 1990. DNA polymorphism amplified by arbitrary primers are 
useful as genetic markers. Nucleic Acids Research 18: 6531 6535. 
Wright, S., 1978. Evolution and genetics of populations. University of Chicago Press, Chicago, USA. 
Yeh, F.C., Yang, R.C., Boyle, T., 1999. POPGENE Version 1.31: Microsoft Window-based freeware for population genetic 
analysis. http://www.ualberta.ca/fyeh.     
 PCR-RAPD s
    
                                                                                                                                                                                                                                                                                                                        
             
Ministry of Jihad  e  Agriculture  
Agriculture Research and Education Organization  
IRANIAN  FISHERIES  RESEARCH  ORGANIZATION Iran Artemia Research Center             
Title : The study of genetical differentiation of bisextual and parthenogenetic strains of 
Artemia urmiana by RAPD s method                               
Approved Number :2-019-200000-03-0000-84006 
Author: Amin Eimanifar 
Executor : Amin Eimanifar 
Collaborator : M. Hasanzadeh; A. Javanmard; B. Mostafazadeh; S.Ganji; F. Chakmedooz                   
Advisors : S. Rezvani Gilkolaei; M. Pourkazemi 
Location of execution :West Azarbaijan  
Date of Beginning : 2005 
Period of execution : 1 year and 9 months 
Publisher : Iranian Fisheries Research Organization  
Circulation : 15 
Date of publishing : 2007  
All Right Reserved . No Part of this Publication May be Reproduced or Transmitted 
without indicating the Original Reference     
   
MINISTRY OF JIHAD - E - AGRICULTURE 
AGRICULTURE RESEARCH AND EDUCATION ORGANIZATION 
IRANIAN FISHERIES RESEARCH ORGANIZATION- Iran Artemia Research Center                                        
       
The study of genetical differentiation of 
bisexual and parthenogenetic strains of 
Artemia urmiana by RAPD s method                              
Executor :  
Amin Eimanifar           
86.928     
 Abstract 
     The brine shrimp Artemia consists of a number of bisexual species and a large number of parthenogenetic 
forms, which collectively, inhabiting a wide range of hypersaline habitats. This research was carried out in order 
to study the genetic differentiation of Artemia urmiana and two parthenogenetic populations originated from 
surrounding lagoons of the Lake Urmia (Fesendoz, Saray village) and also to find the phylogenetic relationships 
of some Iranian Artemia (Qom, Arak, Golestan, and Shiraz) with a comparison to some foreign Artemia species 
(A. sinica, A. franciscana, A. parthenogenetica (Russia and Turkmenistan) using a molecular technique (PCR-
RAPD`s). Of a total number of 56 random primers (10 bp) survey, 29 and 26 oligonucleotides showed 
polymorphic patterns with highly reproducible bands in Artemia urmiana groups and Iranian Artemia groups. 
The highest percentage of polymorphic loci were in Artemia urmiana (P= 78.89 %) and in comparison with the 
other parthenogenetic forms, in parthenogenetic Artemia from Saray village  
(P= 59.8 %). The highest values of Shannon index were estimated in Artemia urmiana (I= 0.41), and in 
comparison with other parthenogenetic forms, in parthenogenetic Artemia from Saray village (I= 0.3).  
    Analysis of molecular variance indicated that most variation were within populations (A. urmiana with 
parthenogenetic forms, FST= 0.35) and among populations (Iranian Artemia with foreign species, FST= 0.76). 
Genetic pattern was not in accordance to geographical distribution, which indicated the wide range of Artemia 
samples at different regions in Iran. UPGMA showed two distinct clusters in group I including A. urmiana with 
two parthenogenetic forms and four clusters in group II including Iranian Artemia with some foreign species. It 
is understood that two parthenogenetic populations (Fesendoz and Saray village) had close genetic relationship 
together with high value of heterozygosity in parthenogenetic Artemia from Saray village. Iranian Artemia 
(Qom, Arak, and Golestan) indicated close genetic relationships with A. parthenogenetica (Russia and 
Turkmenistan) with low values of heterozygosity. A sister group was generated including Shiraz and USA 
Artemia samples which attests a possible contamination of local water with A. franciscana. FST value revealed 
high genetic structuring at all studied groups. Besides, it is suggested that gene flow was not strong enough to 
prevent substantial genetic differentiation. Result could lead to a management programmes to use suitable 
Artemia strains with high genetic diversity, for culturing and establishment of gene bank of Artemia stocks in 
Lake Urmia.  
Key words: Artemia urmiana,  Parthenogenetic populations, Iranian Artemia, phylogenetic relationships, 
RAPD`s.         
